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Watershed ecological compensation between upstream and downstream is an 
important means to deal with the trans-boundary water resources management, aiming 
at resolving externalities between protectors and beneficiaries in a watershed. How to 
determine payment criteria is a key issue and also a controversial point of ecological 
compensation. As a new concept about water resource, virtual water refers to water 
contained in the trading products and the water consumed during the production. 
Together with agricultural trade, virtual water transfers from upstream to downstream, 
and we should pay attention to it in basin water resource management. In this thesis, 
the virtual water theory was adopted for building up a systematic criteria 
quantification methodology of upstream-downstream watershed ecological 
compensation. 
There is a special relationship between upstream and downstream in a watershed. 
Upstream in the watershed is generally ecologically sensitive, and its environmental 
protection efforts directly affect the water quality and water quantity to the 
downstream. As conversation areas of water sources, upstream supply fresh water 
resource to downstream. But upstream are generally dominated in agriculture, and 
supply agricultural products to downstream with virtual water inside. At present, the 
water quality and water quantity provided by upstream are considered while 
determining payment criteria, but the virtual water transfer is usually ignored. 
Therefore, it is significant to employ theory of virtual water for both academic 
research and practice. 
Based on the literature review and theoretical analysis, a virtual water-involved 
approach of quantifying payment criteria between upstream and downstream in a 
watershed is proposed and applied to Jiulong River Basin as case study. The main 
findings and conclusions are as follows: 
Firstly, international and domestic research progress and practices on ecological 
compensation were reviewed, while approaches and methods to quantifying payment 















criteria mainly include Input Costs Method (ICM), Ecosystem Services Evaluation 
Method (ESEM), Opportunity Cost Method (OCM), and Willingness to Pay Method 
(WTPM).  
Secondly, evolvement of virtual water and its application were reviewed. Then the 
theory of virtual water, which was usually applied in the field of trade and water 
strategy, was introduced to upstream-downstream ecological compensation. Then the 
theory of virtual water was introduced to build up a systematic methodology to 
quantify the up and down stream ecological compensation criteria. Methods to 
quantify the virtual water in agricultural products were analyzed, and the methods of 
quantifying virtual water transferred within watershed were developed. The ways 
virtual water affecting ICM, ESEM, OCM and WTPM were discussed. Virtual water 
affected distribution rate in input cost method. OCM was based on transferred virtual 
water. Transferred virtual water was included in Ecosystem services evaluation. About 
WTPM, relevant information and knowledge of virtual water were introduced into 
questionnaire.  
Thirdly, the above methods were applied to Jiulong River Watershed in Fujian 
Province of China as a case study. We quantified the virtual water transferred from 
upstream to downstream, and compared the results from traditional methods and the 
new methods with virtual water. The results indicated that the net virtual water in 





 in 2010, 2.24 times of the water that transported through pipeline from 
the river to Xiamen, and 3.72 times of the water used to irrigate in Xiamen. Therefore, 
we should not ignore the effect of virtual water in watershed management. The 
modified ICM with virtual water advised the criteria to be 136.05 million yuan per 
year, while the tranditional ICM suggested 41.97 million yuan per year as the 
compensation criteria. Virtual water inclusive OCM advised the criteria to be 750.98 
million per year, and the tranditional OCM suggested 12.853 billion per year as the 
compensation criteria. Modified ESEM including virtual water advised the criteria to 
be 110.71 million per year, while the tranditional ESEM suggested 68.17 million per 















Key Words: Ecological compensation/Payment for ecological services (PES); Virtual 
water; Quantification of payment criteria; Upstream and downstream; Input cost; 
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